A mixed method for reducing a higher order uncertain system to a stable reduced order one is proposed. Interval arithmetic is used to construct a generalized Routh table for determining the denominator polynomial of the reduced system. The reduced numerator polynomial is obtained using factor division method and the steady state error is minimized using gain correction factor. The proposed method is illustrated using a numerical example.
Introduction
The analysis and design of practical control systems become complex when the order of the system increases. Therefore, to analyze such systems, it is necessary to reduce it to a lower order system, which is a sufficient representation of the higher order system.
In recent decades, much effort has been made in the field of model reduction for fixed systems and several methods like: Aggregation method [1] , Pade approximation [12] , Routh approximation [7] , Moment matching technique [13] , and L ∞ optimization technique [6] have been proposed. Among them Routh approximation technique has been recognized as the most powerful method because of its ability to yield stable reduced models for stable high-order systems [2] .
In general, the practical systems have uncertainties about its parameters. Thus practical systems will have coefficients that may vary and it is represented by interval. Interval arithmetic such as addition, subtraction, multiplication and division are discussed in [3, 5] . In literature [2, 3] the authors presented model reduction techniques for higher order uncertain system. The limitations of the above method are discussed in [8] . A generalized method for constructing the Routh table of interval polynomial is proposed in [14] which overcomes some of the limitations of [2, 3] .
In this paper, the method proposed in [4, 14] is integrated with factor division method [11] for obtaining the stable reduced order model. Also a gain correction factor is used to improve the steady state characteristic for interval systems.
Problem Formulation
Consider a higher order linear SISO uncertain system represented by the transfer function as
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coefficients of lower order numerator and denominator polynomials, respectively.
The problem is to reduce the system of form (1) to the system of the form (2) such that the lower order system mimics the higher order one as closely as possible.
Determination of reduced denominator
Routh table is constructed for the denominator of the higher order system using the algorithm proposed by Dolgin [4, 14] . The reduced denominator is obtained by direct truncation of the elements in Routh 
Corresponding generalized Routh 
From the Table, the lower order polynomials can be obtained. This algorithm offers stable reduced order models for a given stable higher order system.
Determination of reduced numerator
The n th order original system given in equation (1) is equated to the k th order reduced model with unknown parameters represented by equation (2) . Hence, 
Rewriting the equation (3), we obtain 
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Equating the coefficients of the corresponding terms in the equation (4), the following relations are obtained: 
Comparing the first k relations of the equation (5) i.e., comparing the coefficients of
To minimize the steady state error the 'Zeros' are adjusted by multiplying the numerator polynomial with the gain correction factor η . It can be calculated using the relation
For interval systems, η is calculated after converting the interval coefficients of ( ) G s and ( ) R s into the fixed coefficients by taking their means. Thus the gain correction factor is 
Simulation Results
Consider the seventh order system given by the transfer function [2] . The proposed method guarantees stability for a stable higher order system and thus any lower order model can be derived with good accuracy. Also it may be noted that the proposed method involves less mathematical complexity compared to algorithm [2] , where both the γ and δ tables need to be formulated, which increases the complexity and requires a great deal of computational effort. Fig. 1 and Fig. 2 , show step response and frequency response of higher and reduced order transfer function. From the responses, it can be observed that the reduced order system is stable and it closely matches with the original system at all frequencies (in Fig. 2) . Moreover, it is found that the proposed method and the method proposed in [2] match almost closely.
Fig. 1 -Step response of the original and the reduced order models.
But, system dynamic error always exists when a higher order system is reduced. The quantitative criteria for measuring the performance are chosen as Integral Square Error (ISE), Integral Absolute Error (IAE) and Integral of Time weighted Absolute Error (ITAE).
ISE, IAE accounts mainly for errors at the beginning of the response and to a lower degree for the steady state deviation. ITAE takes account of the error at the beginning but also emphasizes the steady state. For the reduced models (proposed method and [2] ) and the original system, the Performance Indices (ISE, IAE and ITAE) are tabulated in Table 1 and are found to be matching closely. Kharitonov polynomials were constructed for the reduced model and their robust stability was verified (in Appendix I). Also the dominant poles for the higher order system G(s), proposed reduced order system R(s) and R(s) by [2] are 0.314, 0.385 0.129i − − ± and 0.338 0.0954i − ± respectively which are closely matching. Thus the transient response of the higher order system is not much affected by this reduction method. 
Conclusion
The mixed generalized Routh table and factor division method are proposed to interval polynomials for obtaining the stable reduced order system. The reduction of seventh order interval system to second order interval system gives excellent step as well as frequency responses. The proposed method is mathematically simple and gives all possible stable lower order models. 
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II Theorem (Anderson, Jury and Mansour)
The testing set for an interval polynomial of invariant degree is ( ) 
